The load deformation curve in uniaxial tension, for pseudoelastic materials (materials with shape memory effects) is characterized by a hysteresis in a process of loading and unloading. On the basis of this results we proposed in [1] a moment curvature relation that describes pure bending (bending by couples) of a memory wire. Recently, in [3] a series of experimental results were reported on pure and three point bending of memory wires. In this work we shall discuss the possibility of using the moment curvature relation obtained in [1] to describe the three point bending problem and the problem of stability of axially loaded wire of memory material.
Background
It is known that in some temperature ranges the shape memory alloys, such as nickeltitanium (NiTi), exhibit pseudoelasticity. Thus, in that temperature range the typical stress-strain
Figure 1
The loading path proceeds along the line "0-1-2-3". The unloading from the point "3" proceeds along the line "3-4-5-0" leading thus to a hysteresis loop. If in the loading path we reach only the point "6" and then start unloading, the unloading path is shown by the line "6-7-5-0". Within the hysteresis loop the behavior may be more complicated than those shown in Fig. 1 . For example in the case of isothermal deformation of CuZnAl single crystal, in the pseudoelastic temperature range, the interior of the hysteresis loop exhibits internal recovery, internal yield, internal loop and internal elasticity (see [4] and [2] ).
Our goal is to use the moment-curvature relation for a pseudoelastic rod, derived in [1] to formulate the three point bending problem as presented in [3] . Also a specific buckling problem will be analyzed.
Current work
For the rod with rectangular cross-section with the dimensions b and H, (see Fig. 3 ) by using the Bernoulli hypothesis (plane cross-section remain plane) and the standard arguments (see [6] ) we obtained in [1] the following moment-curvature relation for the material with the stress-strain law shown in Fig. 1: 1. Loading: Suppose that we start from the initially straight rod (the curvature of the rod axis in the initial state is Φ =0) and we deform the rod so that its final curvature is Φ. Then,
where Φ is the curvature of the rod axis in the current state, I = btP 112 is the axial moment of inertia of the rod's cross-section, E\ is the slope of the line "0-1" and E 2 is the slope of the line "4-3" in the σ-ε diagram. Also the curvatures Φ, are given as 2 2 2 2 Φι = -£ι; Φ 2 = -ε 2 ; Φ 4 = -ε.;
where ε, is the strain corresponding to the point i on the Figure 1.
2. Unloading: Suppose at the beginning of the unloading the curvature of the rod axis is Φ=Φ" Then
If the unloading starts with the initial curvature Φ, > Φ2 then
for Φ2 < Φ < Φ,. When the value Φ2 is reached, the unloading proceeds according to (3)i. The expressions (1),(3) could be used to study the pure bending and three point bending as shown in Fig.2 . The problem was analyzed in experimentally and numerically in [3] .
Figure 2
It is easy to see from The numerical solution of (5), (6) gives the y(a)-F relation that was measured in [3] . Note that in (6) the parameter a (arc-length of the point of contact of the rod with support) is to be determined from the solution of (5), (6) .
We turn now to the static stability problem for a rod with square cross-section loaded as shown in Fig. 3 . We assume that the shape memory material has the loading branch shown in Fig. 4 . Thus the material from Fig. 1 corresponds to the case when £3=0. Suppose that the rod is first loaded with the force F and afterwards by a small lateral force Η at the mid-span of the rod keeping F constant. The new configuration of the rod will be called bent or deflected configuration. If the rod remains in bent configuration after the force Η is removed we call F the reduced-modulus critical load. The more interesting loading path is the one in which both F and Η are changed simultaneously and independently and then Η is removed (Shanely model). If the rod remains in the bent configuration F is called the plastic buckling load [6] , To determine the buckling load for general loading path of the shape memory rod with σ-ε diagram shown in Fig.  4 , we follow the method presented in [5] , Thus we start from the principle of virtual work
where <5Π (,) = \oedv , and δη™ = \σ ε dv, Figure 3 are the work of the inner forces (stresses) in the stress increasing and stress reversal parts of the rod, respectively and 6n F is the work of the force F. By using standard arguments (see [5] ) we obtain the following boundary value problem for determining the buckling load 
with c determining the part of the rods cross-section being in the stress increasing state (stress state corresponds to the line with slope £3 on the Fig. 4 ). σ 0 ε
Figure 4
The case £3=0 in (7),(8) must be treated with special care. It follows however that the critical load is given (see [7] ) as where a cr is shown in Fig. 1 . We note that the value (11) corresponds to the critical load such that the stress state is at the end of part of "0-1" on the diagram of Fig. 1 . Both reduced modulus theory and the tangent modulus theory [6, p. 193] lead to the conclusion that the critical force is zero if the stress state is on the line "1-2". The apparent inconsistency of this conclusion and (11) is resolved if we realize that the change form the part "0-1" to the part "1-2" in Fig. 1 is smooth (the derivative da/de at the point "1" is continuous function). Then, the tangent modulus theory leads to the critical force given by (11).
Conclusions and Future Directions
We showed that the moment curvature relations for the shape memory rod given by (1)-(4) could be used to analyze the three point bending problem. The corresponding boundary value problem is (5), (6) .
In order to analyze static stability (buckling) of a rod with the stress-strain relation as shown in Fig. 1 we used the method proposed in [5] , It turns out that the critical buckling force is given by the expression (11). From the relation (11) and the fact that by heating the memory material the critical stress σ" increases (at least for certain range of temperatures) we conclude that by heating the critical force increases. Thus the buckled memory rod (for the case when the force is not much above the value given by (11)) could be made straight by heating.
Future work on the problems discussed here may involve: 1. Numerical analysis of the three point bending, by solving (5),(6). 2. Analysis of the post-critical behavior of the compressed rod shown in Fig. 3 . This could be escorted along the lines presented in [5] . 
